Much attention has been focused on recent reports in which crude vitamin B12 (animal protein factor) supplements, as well as pure vitamin B12 and antibiotics, have been included in rations for chickens and swine, the claim being made, as a result of this work, that the animals gained weight more rapidly and usually more efficiently than did other animals consuming comparable rations without these supplements (Stokstad and Jukes, '50; Stevens, Biely and Marsh, '49; Jukes, Stokstad, Taylor, Cunha, Edwards and Meadows, '50). Most of the rations used in this work employed a few basic feeds, plus vitamin and mineral supplements, with the protein being supplied largely from plant sources such as grains and soybeans, but in certain cases the effects were also obtained with rations containing animal protein. Of primary interest to the authors was the metabolism of energy and its possible correlation with the increased efficiency of utilization of rations containing vitamin Bi2 and antibiotics.
est, since there were no other reports in the literature dealing with this subject except in a broad sense, in that such fac tors as body growth and feed intake only had been considered. A review of the literature on the effects of APF supplements and antibiotics on growth is therefore considered unessential for this report.
In the present work albino rats were selected as the ex perimental animals because of the technique involved in determination of energy balances. Although most of the previous work on this subject has been done with either chickens or swine, the method of experimentation and the equipment required to work with these types of animals would have made the project prohibitive.
The present report concerns two separate experiments, the object of the first experiment being to feed to rats a com mercial vitamin B12 supplement,2 containing an antibiotic, in an all-plant protein ration. The second experiment was undertaken after completion of the first to study the response of rats when given the main component parts, in relatively pure form, of the same vitamin B12supplement that was used in the first experiment. The components of the vitamin B12 supplement investigated were vitamin B12,free of antibiotic, and streptomycin, free of vitamin BJ2. These were fed sepa rately and in combination, but always in amounts equivalent to those used in crude form in the first experiment.
EXPERIMENTAL

First experiment
Three litter-mate groups of weanling albino rats, each of 11 or 12 animals, were used in this experiment. One of the groups was fed the supplemented ration, with feed consump tion on an ad libitum basis. The two other groups were pairfed, one being given the supplemented ration, the other the basal ration with no supplementation. The composition of the basal ration as given in table 1 was patterned after that of rations which had been used for similar work with chickens and swine. In order to have a ration low in vitamin Bi2, protein-containing feedstuffs of plant origin only were used. Vitamins and minerals were added in quantities considered ample for optimum growth.
The amount of vitamin B12supplement added to the ration was somewhat greater than that recommended by the manu facturer at the time as supporting the best growth effects 1To the supplemented ration was added 0.5% of a commercial APF supplement known as Bi-Con APF-3 +. This material, as well as the vitamin BI2 and strepto mycin, was generously supplied by Chas. Pfizer and Co., Inc., Brooklyn, N. Y.
Vitamin supplements were added per kilogram of ration as follows: Oleum percomorphum 570 mg, tocopherol (mixed) 150 mg, choline 4.00 gm, inositol 2 gm, folie acid 25 fig, biotin 10 Mg, thiamine HC1 5 mg, riboflavin 5 mg, pyridoxine HC1 6.25 mg, niacin 6.25 mg, calcium pantothenate 50 mg, para-aminobenzoic acid 95 mg, and 2-methyl-l,4-naphthoquinone 2.5 mg. 1 Lichstein et al. ('46) . when fed to chickens and swine. This supplied to the ration 33 Mgof vitamin Bi2 activity per kilogram of feed and ap proximately 5.5 mg or 5,500 units of streptomycin per kilo gram.
Feed consumption was measured in all three groups. The duration of the experiments was determined in a more or less arbitrary manner which was based on the average final weight attained by the ad libitum-fed rats during 5 weeks. For the males this was 262 gm and for the females it was 181. These weights were considered to be representative of the period of most rapid growth of the rat and were used as a true measure of the effect of the ration on growth.
For the two groups of animals on the paired feeding regi men, the experimental procedure designated the body bal ance method was used (Swift, Kahlenberg, Voris and Forbes, '34) . In this method body gains of energy and of protein are determined by the difference between values for these con stituents determined with a control group selected and sac rificed, to represent the experimental subject at the start of the investigation, and corresponding values for the ani mals killed at the end of the experiment. The heat production was measured as the gross energy of the feed minus the energy of the excreta and of the body gain for the entire experimental period.
Results from the ad libitum-fed group are concerned mainly with feed consumption and gain in body weight (table 2), as excreta were not collected from this group. The information on feed consumption and gain is presented for males and females, both separately and combined. The efficiency of utilization of the ration or body gain per unit of feed con sumed is remarkably high for the males, the difference in this value for the two sexes being largely a matter of the normal difference in growth characteristics of the sexes. Also, for this reason, standard errors are not reported in the first experiment since a difference of considerable magnitude is to be expected when comparing rats of both sexes, and con sequently a large standard error would result. To obtain the significance of differences in results between the groups of pair-fed animals, the method of "Student" was used to compute odds. The contrast between the efficiency of utilization of the ration by the ad libitum-fed rats and the paired group re ceiving the basal ration alone is striking. As practically all the refusals of feed in the pair-fed groups occurred in the control or unsupplemented group, it may be assumed that this group was essentially fed on an ad libitum basis. The only difference in the rations was the vitamin B12 supplement, the main constituents of which were presumably vitamin B12 and, in this case, streptomycin. It is recognized that other B vitamins, closely associated with B12,might also have been present, but indications are that vitamin B12was by far the most effective of these vitamins in promoting growth. Conse quently the favorable results obtained with the supplement are attributed, to a very great extent, to its content of vita min Bi2 or streptomycin, or both. It should be pointed out that the rats receiving the sup plemented ration ad libitum were consuming feed far in excess of their maintenance requirement and, therefore, a greater percentage of it was available for body gain.
Termination of the experiment for the pair-fed animals, based upon attainment of the live weight previously desig nated, required an average of 76 days for the males, with two animals not reaching this limit, and 64 days for the females (only 35 days were required when the feed consumption was not restricted on the supplemented ration). Obviously, there was a drastic limitation of food consumption with the pairfed animals, the limiting being done by the animals on the unsupplemented ration. This group had 393 refusals of feed, while the supplemented group had only 25 refusals.
Further information in table 2 concerning the pair-fed groups shows an appreciable increase in empty body weight in the supplemented group as compared with the control group, amounting to over 11%. A small difference is noted in nitrogen gained which is in close relationship to the gain in body weight. This is interpreted as such and as being without fundamental significance. Evidence in table 3 tends to bear out this conclusion. In considering the rapid gain made by the rats on the ad libitum food intake, it is clear that a unit of protein was gained in this case on less feed in take than in the pair-fed group, but this was also the case with the gain of fat and the total gain in live weight. There fore it is difficult to say which body component, in particular, was associated directly with the vitamin BÃŽ2 supplement.
From work with rats involving a wide range of protein intake, Hove and Hardin ('51) and Hartman, Dryden and Gary ('49) concluded that vitamin B12 plays an important role in the utilization of protein, or in affecting the capacity of the animal to utilize protein. The present work is in com plete agreement with these observations as far as growth is concerned, as it is clear that vitamin BJ2 is required for rapid growth of the rat, but in spite of a careful study of nitrogen metabolism, evidence is lacking in the present work to show that this factor is more directly associated with vita min BIOthan is over-all growth.
In reference again to the pair-fed groups in table 2, the amount of fat gained was much greater with the supplemented animals, indicating that not only was their gain in live weight greater but that it was also of a higher energy content.
Although not given in the tables, the average water content of the rat bodies on the control ration was 65.6% and on the supplemented ration 63.0%. These observations are in agree ment with results of Ling and Chow ('51), who found that rats deficient in vitamin B12had a lower body fat and higher water content than their litter mates on the same diet but receiving vitamin B12. Perhaps there is a species difference in regard to fat metabolism, as there are no known reports of increased fat deposition in swine when a vitamin B12sup plement is fed.
It is of interest to note that this type of experiment permits a check to be made on the amount of nitrogen in the feed which is recovered in the feces and urine and as body gain. The average recovery for all the rats, except two, was 99.7%, with a coefficient of variation of 1.5.
The reason for excluding two rats from this average was a poor collection of urine. These two rats urinated while hanging to the sides of the cage, and consequently some of the urine did not fall into the crystallizing dish under the cage for collection in the normal manner. The data on these rats are excluded from all the values in table 3 involving nitrogen utilization.
ALEX BLACK AND JOHN W. BRATZLEK
The partition of energy into its final categories is in sharp contrast with the information on distribution of nitrogen (table 4), in that three important phases of energy utiliza tion are affected by the supplement containing vitamin Bi2 and the antibiotic. The first of these noted in table 4 is the in crease in metabolizable energy with the supplemented group of animals over the amount in the control group. While this difference is certainly not of great magnitude, the individual values comprising the average show very consistent differ ences, and odds of 400 to one are indicated.
The greatest difference found in table 4 is in the body gain of energy, which is the result mainly of the larger gain of fat by the supplemented animals. From a statistical standpoint this difference is obviously highly significant. The third dif ference observed in the utilization and distribution of energy is found in heat production, which was greater in the unsupplemented or control group than in the group receiving vita min B12 and the antibiotic. This difference is highly signifi cant, as shown by odds of 3,300 to one. Although not shown in table 4, the nitrogen-energy ratio in the urine of the two groups of rats was found to differ significantly. For the unsupplemented group this ration was 8.6 Cai. per gram of nitrogen in the urine, and for the sup plemented group it was 7.3 Cal., the differences being very consistent in the individual comparisons making up the average.
The reasons for all the changes observed in this experi ment are not evident, as the experiment was designed pri marily to study effect rather than cause. Some of the more interesting of these effects are the gain of fat, the consump tion of feed and the nitrogen-energy ratio in the urine. It is very significant to note the greatly increased consump tion of feed when the vitamin B12 supplement was added to the basal diet. This change in itself is sufficient to account for perhaps all the increased gains, or efficiency of gains, made on the supplemented ration. Although many investiga tions have been concerned with the effect of B12 supplements on growth, there is yet little positive information on the man ner in which these compounds cause greater growth. Perhaps the change in the flora of the intestinal tract due to the anti biotic may be of importance; however, the well-recognized effect of increased intake of food is certainly a primary causa tive agent in producing greater gains and greater efficiency of feed utilization.
Experiment two
The plan in this experiment was to follow essentially the same line of approach as in the first experiment except that in place of the crude vitamin B12 supplement, purified prepa-ALEX BLACK AND JOHN W. BRATZLER rations of the main constituents of this supplement would be substituted. By such a procedure it was hoped that the influence of each of these constituents on growth and efficiency of utilization of the ration could be determined. The amounts of vitamin Bi2 and streptomycin incorporated in the basal ration were in the same proportion as when the crude Bt2 supplement was used. In this way a new variable was not introduced in the experiment. It was estimated that the supplement supplied 33 Mg of vitamin Ba2 activity per kilogram of feed and 5.5 mg of streptomycin per kilogram.
Three rations were used, one containing 7.3 mg of strepto mycin sulfate per kilogram of basal ration, this being equiva lent to 5.5 mg of streptomycin ; the second ration containing 6.6 mg of B12 oral grade solids 3 per kilogram, this having a vitamin B12 activity of 33 mg; and the third ration containing the above amounts of both B12 oral grade solids and strepto mycin.
These are known as rations 1, 2 and 3, in the order named. The basal ration is the same as in experiment 1 and as shown in table 1; however, the basal ration was not fed in this experiment without the addition of one of the supplements. The experimental subjects were weanling male albino rats, 12 animals on each ration. They were selected from litter-mate animals, one animal from each litter being placed on one of the three experimental rations, and the feed intake was on a measured ad libitum basis for all groups. Ad libitum feed ing was used in this case as it was comparable with the meth ods employed in other work reported in the literature on these types of rations. Feces and urine were collected quanti tatively and the rat bodies were analyzed for nitrogen and energy at the end of the experiment to complete the body balance method for determination of heat production.
In table 5 are given the gain in weight, including gain in empty live weight, gain in fat and nitrogen, days on experi ment and efficiency of gains made by the rats on the three 'Product of Chas. Pfizer and Co.
rations. All rats were kept on experiment until they had reached a weight near 262 gm ; however, the time required to reach this common weight was very different for the dif ferent rations. The addition of vitamin B12 cut the time in half. When both streptomycin and vitamin B12were added, gain to the same weight was accomplished an average of two days sooner, and efficiency of gains was also improved as compared with gains made when the only supplement was vitamin Bi2, but the magnitude of these differences is in sufficient to be significant by analysis of variance. It should be recognized, however, that if the number of animals used in such a test were sufficiently large, a small difference such as that obtained by the addition of streptomycin could prove to be significant. These findings are essentially in agree ment with the recent work of Sauberlich ('52), in which he found that the inclusion of either penicillin or aureomycin in a completely vitamin-supplemented diet had no effect upon the growth of rats. By merely adding vitamin BI2 to the basal ration the ef ficiency of the gains was improved, as is indicated by a reduction in the amount of feed per gram of gain from 4.84 to 2.86 gm. Not only is this difference in efficiency of gains of interest, but the rapidity of gains is also of considerable significance, indicating the importance of vitamin B12in these processes in a monogastric animal, such as a rat, consuming proteins of plant origin.
The different dietary treatments were again without sig nificant influence on the nitrogen gained, as was the case in the first experiment (tables 5 and 6). Some change was observed in fat deposition but nothing comparable to the results when paired feeding was followed. There seemed to be a trend toward a higher fat content of the body when streptomycin was added. In the paired feeding trial the vita min B,2 supplement was associated with a much higher fat deposition, but in this case the method of food allotment may have been of greater influence on the nature of the gain than the antibiotic contained in the Bi2 supplement itself.
ComplÃ¨te information on thÃ©distribution and utilization of energy is given in table 7. A contrast is noted again in this table in the various values for the rats receiving only streptomycin as compared with those for the animals re ceiving vitamin B12 in their ration. In all figures except those for the composition of the body, the slow growth rate of these rats is evident with respect to both protein and fat gained in the form of energy.
There was a very close similarity in the proportion of the food which appeared as heat in the rats on diet 1 in this experiment and the control group in experiment 1. In both cases 73% of the food energy was dissipated as heat. Under these circumstances the streptomycin had no noticeable influence on the metabolism. When the streptomycin was added along with vitamin B12, there was about \% less of the food energy going into heat than when vitamin Bi2 alone was given. As in experiment 1, the addition of vitamin B12 had a sig nificant influence on the utilization of energy. The growth rate was doubled, with approximately 6% less of the food energy being lost as heat. Further work is in progress using other antibiotics.
SUMMARY
The effects of a vitamin B12 supplement, purified vitamin B12, and streptomycin on the utilization of the food protein and energy of an all-plant protein ration were studied in growth and body balance experiments with growing albino rats as subjects. ,
In a paired feeding experiment in which one animal of each pair received the basal ration supplemented with a crude vitamin B12mixture, feed consumption was severely limited by the animals on the unsupplemented ration and growth to a common predetermined weight required approximately twice as long as when the supplemented ration was fed ad libitum to a third group of animals. Efficiency of gains was of a much higher order on ad libitum feeding than on paired feeding, and the efficiency of gains was greater in the paired animals receiving the vitamin B12supplement. Body gain of energy was 29% greater in the supplemented pair-fed animals than in the unsupplemented animals, and heat production was 3.5% less.
By feeding the two main constituents of the crude supple ment used â€"vitamin Bi2 and streptomycin â€"both singly and in combination, but in the same amounts as when the crude supplement was employed, it was found that streptomycin had little effect on growth; vitamin B12 greatly improved growth and utilization of feed; and streptomycin and vita min B12 together were slightly better than vitamin BI2 alone, although no combination was quite as good as the crude supplement itself.
In these studies the nitrogen utilization did not appear to be specifically affected by any of the supplements used.
The more rapid and more efficient growth of the experi mental animals receiving vitamin Bi2 is attributed primarily to greatly increased intake of feed as compared to the intake when this supplement was not given. 
